Box Culvert Design
(Basics)
► Josh

Beakley
► Director of Technical Services
► American Concrete Pipe Association
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Standards/Specifications for Box
Culverts
►M

259 (C789 - Discontinued)
► M 273 (C 850 - Discontinued)
► C1433 (Standard)
► C1577 (LRFD)

ASTM Precast Box Culvert
Standard

Additional Box Culvert Sizes in C1577
- 13a
►5

x2
►6 x 2
► 7 x 2, 7 x 3
► 8 x 2, 8 x 3
► 9 x 2, 9 x 3, 9 x 4
► 10 x 2, 10 x 3, 10 x 4
► 11 x 2, 11 x 3
► 12 x 2, 12 x 3

C 1577
Design
Criteria

AASHTO LRFD Bridge Design
Specifications
► Section

3 – Loads and Load Factors
► Section 4 – Structural Analysis and
Evaluation
► Section 5 – Concrete Structures
► Section 12 – Buried Structures and Tunnel
Liners

LRFD Design
Maximum
Service
Minimum
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AASHTO LRFD Bridge Design
Specifications

HL-93 Live Load
► 3.6.1.2.1

 “Vehicular live loading on the roadways of
bridges or incidental structures, designated HL93, shall consist of a combination of the:
►Design

truck or design tandem, and
►Design lane load”

Applied Live loads
► 3.6.1.3.3

Design Loads for Decks,
Deck Systems, and the Top Slabs of
Box Culverts

 Where the slab spans primarily in the
transverse direction, only the axles of
the design truck of Article 3.6.1.2.2 or
design tandem of Article 3.6.1.2.3 shall
be applied to the deck slab of the top of
box culverts.

Applied Live loads
► 3.6.1.3.3

Design Loads for Decks, Deck
Systems, and the Top Slabs of Box
Culverts
 Where the slab spans primarily in the
longitudinal direction:
 For top slabs of box culverts of all spans
and for all other cases, including slabtype bridges where the span does not
exceed 15.0 ft, only the axle loads of
the design truck or design tandem of
Articles 3.6.1.2.2 and 3.6.1.2.3,
respectively, shall be applied.

HS20 or HL 93 Single Axle

How Far Down?
► 3.6.1.2.6
► “For

single-span culverts, the effects of live
load may be neglected where the depth of
fill is more than 8.0 ft and exceeds the span
length;”

Single Loaded Lane When Less Than
2 Feet
► 12.11.2.1

– “For traffic traveling parallel to
the span, box culverts shall be designed for
a single loaded lane with the single lane
multiple presence factor.”

Axle Width

Multiple Lanes

Multiple Presence
Factor
Lanes
MPF
1

1.2

2

1.0

3

0.85

4

0.65

Shear Transfer
► 4.6.2.10.4
► For

Precast Box Culverts

precast box culverts with top slabs
having span to thickness ratios (s/t) of 18 or
less and segment lengths equal to or
greater than 4 feet in length, shear transfer
across the joint
need not be
provided.

Edge Beams
12.11.2.1
► For

cast in place box culverts,
and for precast box culverts
with top slabs having span to
thickness ratios (s/t) greater
than 18 or segment lengths
less than 4.0 ft., edge beams
shall be provided as specified
in Article 4.6.2.1.4

Fatigue
LRFD – 5.5.3.1
“Fatigue need not be investigated for concrete
deck slabs in multigirder applications or
reinforced-concrete box culverts.”

ETCulvert
Concrete Culvert Design in Accordance
with AASHTO LRFD Specifications
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ETCulvert Scope
Handles both 3- and 4-sided culverts
 1 to 4 cells
 Includes both US Customary and Metric
(SI) Units
 Supports:


 LRFD 5th Edition
 STND 17th Edition
 AREMA 2010 Edition
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Text Report
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Windows Standard Toolbar
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Defining Trucks

Variable ax le spacing and m agnitude
 Also define lane and tandem loads
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Results Graphs
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3D Rendering
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Future Plans for ETCulvert








I nclude support for m ore sophisticated
structural analysis options
Add soil-structure interaction
Add support for Canadian Highw ay Bridge
Code
Allow access to reinforcem ent
size/ spacing pair library
Add w ingw alls, footings, appurtenances
Additional user requests and agencies
Support for AASHTOW are
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BOX CULVERT INSTALLATIONS &
APPLICATIONS
Steven R. Smart
► Director of HY-SPAN® Bridges and
Structures
► Independent Concrete Pipe Company
►
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Precast Box Culvert Production

DRYCAST METHOD
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8’ x 6’ x 6’
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Precast Box Culvert Production

WETCAST METHOD
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19’ x 3’ Oversize Box Culverts
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► Pre

Site Inspection
► The site should be evaluated prior to
starting the work
► Check which way is the best way to access
the culvert to be installed
► Check for overhead utilities contact utility
companies about covering or relocating
lines if needed well in advance
► Locate any buried utilities to check for
conflicts
► Run routes for trucking to make sure you
can get trucks to the site
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Shop Drawings
Shop drawings and plan details will
determine the dimensions and elevations
of the structure.
Shop drawings for spans 12’ and smaller
are not required unless the rise or design
cover height is outside or not listed in the
tables established by ASTM-1577 for
Precast Box Culvert Sections designed for
LRFD. (714.04c)
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Wingwalls and headwalls require shop
drawings showing elevations and design
calculations.
Per section 105.02 shop drawings shall be
signed and sealed by an Indiana
Professional Engineer and submitted to
INDOT for approval.
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Installation
► Subgrade line and grade verified and
established.
► The grade and alignment should be
established prior to setting the boxes. The
alignment of the first piece should be
carefully laid out so the section can be set
as close as possible. The outside corners
at the end of the box with a line down one
side is the best way to insure the
alignment stays consistent. Be sure to
check the plans and shop drawings for
grade to determine if the structure is
sumped and the flow line elevation is
proper.
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Unloading Product

20’ x 8’x 5’
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15’ x 7’ x 6’

53

54

55

56

57

Installing process
Once the line and grade has been verified
then the first section can be set in place. A
string line or paint line running on the
outside edge of the box is the best way to
maintain alignment. It is necessary to
spend as much time needed to insure the
first piece is on the proper line. This will
make all the other pieces easier. After the
first piece is set a small trench at the bell
end should be dug so as not to roll up
stone or sand into the joint of the next
section.
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Methods used to home joints
► Pullers

made especially for this type of

work
► Come-a-longs used on both sides of the
box
► Equipment pushing from the front or side
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20’ x 12’ x 4’ Oversize Box Culvert
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18’ x 8’ x 5’
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Laying backward
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18’ x 10’ x 4.5’
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Importance of staying on line and grade

► Every

box should be checked for
alignment and grade
► Once it gets off it’s nearly impossible to
get back
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Completion of joints
► Bituminous

mastic sealant applied prior to
jointing of box culverts (907.11 b)
► Joint membrane system in rolls a minimum of
12” width (907.07) example: Polyguard 175 or
material meeting ASTM 877 for External Wrap
► The surface should be clean and dry in order for
the wrap to stick properly
► In cold conditions it may be necessary to heat
the wrap to make it stick
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Headwall and Wing Wall Installation
► Establishing

grade for wings
► Rigging of wings
► Bolting of wings to box sections
► Installing detached headwall
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Headwalls
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CF-1 Guardrail
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19’ x 3’ x 6’ with sidemount guardrail
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Skewed ends
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MITRE 12’ X 4’ BOX CULVERT SECTION
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Backfill and Compaction
Uniform Lifts with approved material not to
exceed 24” on either side (714.05).
Check minimum cover for equipment
traversing structure, normally 2 lifts.
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Special applications
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8’ x 6’ x 6’ with 30” hole
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18’ x 6’ x 6’

36” RCP- actual 50” dia.

141

142

143

144

145

Thank goodness it was precast!

146

Even producers have problems with boxes at times
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THANK YOU !
?’s
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